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Thia invention relates to centrifu C e synteno «J-.?u-d 
to proems lnrre voltiao. of liouid flewlnic continuously fros a 
suitable oource such an a reservoir. 

Centrifuce eyatess o£ thio type have been know, for 
C030 tine. Ar. exwple of such systeo is dioclcsed In U.S. patent 
Bo. 2,554,541 issued -ay 13. 1958. In ouch a systen, larr.e 
' volumes of liiulSa «hica produce eoaparatiToly rail nao.eo of 
precipitates are centrifuged essentially continuous Such nyt- 
ttia coaprises a plurality of apparatus arranged around a rotor, 
10 a liQuid enntntniw: reservoir positioned above the rotcr, a plu- 
rality of inlet tubes for co^unicatiftfi *et«eon tho reservoir r--. 
each of the apparatus, and a like plurality of outlet tubes 
through which the excers centrifuge* solution nay flow. 

The invention relates to an inpi-ovenent over the above 
- mentioned apparatus used in the centrifuge oyo-.es dieeloscfi *hi: 
permits the rapid concentrate and fractionation based or. se- 
cular else ur.d«r nild conditions of protein and ether racrs- 
noieculea fron largo volumes of dilute solution. The ir,-. roved 
apparatus cay also to used for the concentration of -ub=c-u-r 
20 ' particles ruch w rttosose. v.r.A viruses under oinilar co-it,::-. 
The r.??aratuc, in accordance with the invent! sr., em- 
prises an outer tube and an inner tube positioned rtthi:: ,-ch 
outer tube in such a ray as :e leave ncpaco bother, the c-Jtci 
of the inner tube and the inside of t^e outer tube, 3»cT. ir.-.er 
tube cosprices at least tno superposed section* havins filter 
noano dividir.c the sections. The oottoa section of the irr.vr -. 
has holes therein in co==unica:ion with the space be wear. . . 
inner and outer t.bes. A rap closing both the inner c,.r 
tubes has two apertures 'therein, one in ceasuni cation "it:: thv 
30 inner tube for peraittins Vr.c dilute solution to enter tr, ir,, 
tube, and the otfcer in cossur.ication vita the tpp.ee boVv.r. ... 
inner and outer tubes for pomlttlne the excess cortri:u * : ^ 
solution to fie;*, out of the apparatus.. &p 
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Thr* invention vrill now be diselond with ref rr'-r.sr ? ^ 
the accompanying dravrings which illustrate, by way of example, 
an csbodisent of the invention and in which: 

Figure 1 illustrates an exploded view of the apparatus 
in accordance with the invention; 

Figure 2 illustrates the apparatus of Figure 1 with 
tho various parts thereof asscnblcd together; 

Pigure 3 illustrates a section vie* taken alon^ line 
3-3 of Figure 2; 

?if \:r*j 4 illustrates a section taken alone line 4-4 o*; 
Figure 2; and 

Pif\*re 5 illustrates tho apparatus in flccordar.ee with 
the invention positioned in a rstatable rotor. 

Referring to Ticurou 1 and 2, there is ohor/r. in appa- 
ratus comprising r-r. cuter tube nade of stainless fitcel ar.d z:\ 
inner lube, denigrated generally by reference numeral 12 f por- 
tioned within the outer tube in such a my as to leave a ::?-"co 
therebetween. Inner tube 12 comprises a series of sections 14, 
16 and 19 aire ".de of stainless ctccl and connected together V; 
threaded joints or couplings. 

The upper section 14 of inner tube 12 in gcmsmlly 
tubular and includes an annular ring 20 adjacent to fie cutcicle 
lower end thereof; The lower end of upper section 14 is partial 
ly closed and provided with a large axial opening 21. An inter- 
nally threaded coupling 22 having a turned-i:i portion 24. cli-.Icy 
over the outside wall cf tubular section 14 and engage;- *;:e 
of annular ring 20. Coupling 22 haa a plurality cf longiV-iinal 
projections 23 on the outer dianeter thereof which fit onv. iy 
inside outer tube 10 while permitting circulation of liquid 
between tho inner and cuter tubes through the irnp between ; rc;oc 
tionu 23. 

The fo Mewing section 16 of inner tube 12 is al^:o 




f.n.emlly tuluiar ar.d ij thr..\.dcA around the upper end thereof 
fcr rcc^ivi:..- cou:ili:.,; 22. The upper c;.J of tube 16 ic partial- 
ly closed a.vi providM with a lar ( :c exxr.l opening 26 havinc 
concentric fiat i-howlcc rn 23 arid 30. A ctainlcr.o r.teel plate 32 
perforated th fine holes r»-.:tr. en rhoulder 20 and supports a 
dire of porou:» natcr;.-.! 34 v.Mch acts a:: an isscdi&te cupper t for 
a ct*r.ipexr.c::V:' e :-e-l:?:.r.e 3o hich rert:; o:> ihouldcr 30. 

Vht Ic-.er <: A of cection 14 also includes an integral 
annular rort.it.. 70 around r;hU'h ;m 40 cay be positioned 

10 fcr jrovi'U: i: 4v:id-ti t -ht s:r.l bctr;ivn sections 14 and to. A 
^cor.i di^-c of voro-.t;,: r.jxerir.L *]? is in:-vrtod within annular por- 
tion i'J ar.rl ^r ( :'..;or \:.c top or the ro;;ir or;. cable aersbrnno 3P. 
In c.!dit-.;»r. f tr.o ;:;»;er ':r\ i* . re.tion 16 jroluder ;i tosjue 44 
adapted to c: a clot 45 in the ar-:ulrv rin^ 20 cf section 14. 

1- .:..-,bli:. ; : t :e t.v, j.-.-cticr.:* end 16 pother, 
it n:-iy Ijc lcci rc:;.apo norc ci^viy ir. ri^re 1 f the support nlato 
3;* J diL:c 3-1 «rt pori wi c n.-.d on Lhraildc r 23 of sec tier. 10 nnd 
ctr.incttscnMt' ; • :L:*ar.o -6 ij positioned o;i shoulder >0. Vhc 
O-rir.: 40 ^.^ tV lisc 42 ?r.? assembled to the lower e :d of : ec- 
20 tier. 1£ r*i;i t :o V.;o recti c-r.:*.. 14 and 10 cte subsequently rasir.tJ.c-i 
torctner, witl: ler.^vc *-4 f-r.-crii^ clot .;'.>» by cennr. of thrc;.*rd 
ccuplin;; 22, The 0-ri:./; 40 is then ce:j:»*ws::ed between the iov.,r 
end of nection 14 mid the .-er.ipe2r.eaMp izcr:braae 3£ seated g:. 
shwVicr 30 to fora a liquia-ticht eeal between the t"? sections. 

Section 16 ia also provided with project Lcnr. /,6 tr 
help in tightening such section on the up;»er cection *i4# 

T5>c lower end of cccticn 16 ic alro threaded for re- 
ceiving the Gotten cection 18 which is internally threaded at llu 
u;pcv end thereof. The bo t ton section 1C has a circular r.hr.;. -d 
30 ;«i:o!:3dt;r 47 ndjycmt to tho mipcr end thereof for i*;e(i.\ i» '-hv 
c<\';' of a slain} .•;:;( ntocl r?:.uccr^a1uiped plale W tli<: bottom 
\-'iiich ir, MtTfwft'ic-I vith lino hole.i. Tile bottw of siiu^tT-::*.: , r ,, c : 
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plfite 4B hold:: ,i t ine of ; cr*»U3 r.;iterir.l 50 *hich supports a 
e€rrip<rr.cabU ::.-:Lranu 12 p^-i tior.o 1 ever the ed-re of plate 43* 
The tuitoz. ci/i oi' L*cctio:i 16 is partially clo;v.a ar.;: 
provides with an .vusl lir v r openir.,; 5* havii:;; a rhoulctr :"r> for 
receiving a dire cf poroc:> r.-teri^: S*3 adapted to contact re:ii- 
porRcable sent v2. \hw lower cr.'i or section 10 alco haj v.ra 
concentric ar.r.::.*-.- ;>ortic:.:: 05 between which ic i:. sorted 

an 0-ri:: t : c4 f^r j rcvidi:.;; v liquid-ti^ht seal between seetior.j 
1C uni 10, 

how e r : - ntto:; 1C hnr a plurality of holss €6 t'/.rcir. 
in cor^u:;ic-::iu* -..ith who c...-co bc'.v outer tubs 10 and Lr-.-r 
tvbe 12. In nC-iUr.'Vf, a I. *r ol i.,-.:;il:;dir.al pre ,icctl zv.z 61 
arc provide i or. *.ho outyi'"-.- of ncctio:: If! so ac to perait 
avcticn to ''it v.:ly ir^-./f cuter tvi-e 10 r/nilc pcn-itt-V.j cir- 
culation rf i;*::;.; botv.vr:. L.-icr cm: outer tui.c; thrrv^i The 
fan;: b tr. c r- p ; 0 j c- - w o:v . 

The rrvuccr-rrh-v.;t/ • I; i"j <*c- in provide:! v.l ch a trr..:::.- 
68 adapted to a nlov. *; r. the lr.;or cr.d cf ccotio;. V> c:* 

as to prevent rot ••ten of : r tr viixh vcjpoci aecii.«>-. :1 
dur:::c tl * re illy of th*. ; •.p:;r?.t-uc. 

In a:Lv:;Mi:;f: tho lover :,cc:.ii»;i 13 \o the p:r'--c;vil:'.;; 
section 16, plate .',6 ia positioned or. anculdcr M in seller: it, 
diLC 50 is ir.i^rted vilhi:; the bottom sreetion o: rlate :? 9 r.r.-I 
the r.onip*-':v.c.-.blf! ::«ibranc 52 is poai»io:i?u over the ^c-: 
plate /.(J* 0-rir.c 64 and dice: 5G arc assembled zo the lir.**v *. ; 
of section 16 and clot 70 of section 16 iz then ali.;r.c5 -.;lv. 
-lo^-rue 60 of plate <C in rcction Id* Cotton ceciicn 16 i:. .-..c- 
ccqucntly threaded on rcction 16 ;u*d 0-rine &4 is cenpr:-: : a 
botvrccn the loror end of section 16 and .wzbvnivj $2 r,o a: *t* * or 
a licuid-i if'riit ucV. Iseti.cr.: : cctio;u 16 ar.d 13. 

A cap CO clcr-:: ih:r up:;- 1 * 01 " tubcu i0 and 12 
inc'.iik^ iu.y O-ri:.*.; t^x ;.*V co:it;ic Liiv: the iju-'i*;*. of c*;t'-r 
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on* n.rxr tub< 10 and 12 respectively for herr.etically cio-in.j 
such tubon. Cnp 60 is r.r ; do in two noctionn held toother by a 
bolt H5 havin;'. a head the diaactcr of which ccrrospor.de to the 
ir.ci:lo diasctur of section H of inner tube 12. The tro 0 rir^c 
02 and t ; 4 arc inserted i:i suitable chouldcro ir. the lower por- 
tion:: of the two icction:-. of the can. After cap SO has teer. 
ir.it rt-d in t!i-.- v.;tes t bo).t G5 ic tightened to cc-preisc the 
0 r;-!. ( s and ir.ru. «c that :h« crip CO rill not cor.e out durir^ o?er- 
ation of the arf.uvttun u::ur the prcnur* built up in the tubes. 
10 In tiViitio/., tv.> ;:?crfares provided in car for receiving 
inlet t..rt; :.: ■* outlet v.iio o3. Ai: illuatnitc-i norc- clearly 
in V) ; ;;ro 4 t ck. ;0 ic aUo r r o vi<, -- d --*ith a ^lot C-2 for ccmur-i- 
cntir. . outlet I'a.- ea vith ihv spac* cotTrecn ouier tube 10 ar.i 

inner tube 12, 

Jn operation, the diyclctfcd i.*. yigurfiiM 

A ir vccitio:*.-A i:* a cr r.tvi Vfe syct.u- v.irh au cl-clc^i i:*- the 
above ::c;;uc:.ci : -.Tc.it ..o. ;? f M4,541 iho rotor o: v;hich ir ill-:- 
trat-.d :v.-}. .-..^ti.-iily i:. . iruro 5 cf the t;v.:v;ir.:i: hy re; ':r«;::c* 
n.u:.;-r.i:i 03* A i-Oi fin-t-r ;.c::bcr y2 :^ta?hi:c te c:.p :-re\-:::j 
TO th r xovi'.jcn oi arpr.r;:;i' ; vitn rftr^^ct to rc*:v ?C# A oilv-.v 
r.olution e-ontr.W •> i*t a iv. ♦ rvoir locked above :a;or O fiowr 
inr.td*. inlet tub- f;6 rrot;\;aii;r: throu h cover Ci the ro:or 
Vhjn the rotor in cet into operatic.:, "he liquid i;: lor?'??, t'ovr. 
through the r.cs:ivc-:-.fe£:blc :2o:-.brai.stf 36 ;.:id 52 ur-d-.r the ir.il* v.-.: ■ 
of gravitational force:; cr.i the bottom section 15 ir fill.i v : ,h 
the centrifuge! linuid v/hilo the nacro-Oioculcs i.-.i cu^clluUr 
particles are retained by the neubrar.cr. 36 ar.i f.:. i3ui . 
brfvr.rr arc inually of dccicrcinc pore *ri^e a:/; th ; - liivcr r ar- 
ticle;-, are rctaino! by ch*> uipcr uer.brr.r.e ?6 rhil- : x\e r'ir.cr cr.'?: 
5u nr.- n tr.inci by ti c lo\Ter r.epbrane 52. Upf.n lillir F - . 

ljo\::*s ;nll pnr.- thre:; ( .;h 1hu. holes co in lorrer f.*-tio:: **J f.ni 

:v>;->; Vv*'. - co:t Vo i::icr and cuter tubej. tVi- r:.: '.'. 
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The • r.Leuir.c;*to of ti:*? ir.yvr.ti02: in which an exclave 
rror»-rtv cr ; r:v:l*?ro \r. clairvti are dcfiT-d an follows: 

1. Ar. apparatus for the wtrif-ti'Ml eventration ar.d 
par*':r»l r ractia at\ov of r:3cror,oUc»:lrrr end subcellular particles 
fro:* a dilute aolutior; eovpricir-c: 

r.) an o'iter tuac; 

b) an ir.ncr tube positioned vrithi;: raid oater tube in 
cue), a way • to 1* «*ve a i:p'*ce between X\\o outside of the inner 
tube and t'r.c in.-- -Jo of t:;o outer tuK' t raid inner tube cc.nsintir,; 
of at Ic^ 4 . V.;o -:;pcivG-;e4 roctioro havin*. filter noans divicir." 
the rcctic:..:, : . -i the lower metier; of fr.e inner tube havi;ir 
h:«U l;;t:cl\ :o:.:Mmica*„io;; v.ixh ^aid ::r.r.cc in bi.tv.con t'nc 

c) a ca?) for clo.-in; bet:; said ; r.r.c:' and outer tvbLS, 
n.\;.r; , *vi . th'-n.-i:* r.:s i*:ic-t in carr.uni cation -.l tJ; ^aid ii'iior 
tutv . ..c an outlet in co: ^mica'vlrn vi . /.Id irr.ee tetw-jt-n t v .e 
ir-nrr a:, i out*.:* tulcs. 

2, An aprar.vLu.* defined in elaiu 1 f further cor- 
rri.-i; j t:.read<;<i ::ca;;^ lor conr.tctir.T c; 1 . Jnccnt cectix::: to^'V.rr 
a:;! a:. C-rl:. : ioritio:;cd lcn:cen adjicent -ecticnr ;'or providing 
a li;:;-id-ti ; ;:.*- . cal b£tvr».*e!& said adjacent soctionr.* 

3# Apparatus a;: defined in claii; 2, vrherein t'uid 
t v .*:i /:.-I r;^:-;u hi/e a ;/r.tcr of pro.jcctio;:*j distributed on the 
outr.iae tii;;.;tt':r ti.enoI vvaeh fit churly .viih?n t'ic ir.siae of 
f-.c ouler Ur.jf; .rat pe*T;it*; yucca-e Of lici'.ild between the pro ;J •-•(:- 
tio*.:,. 

4# Apu'./atu:, as defined in clr.5:i 1, vr*<:enrin :*r.id lo.;c~ 
section ir. t d on t. 4 :e r»rcec^i:i.- :;ectje:i an-j fi'itht.r ton- 

rvi: ■: : a*; A- -i.-i ; fcr rov.Ld 1:1- a liauid-t i.v.t Leal lclwe«-n ti.e 
co f tr*. t. •; ?r;\ :;a u. precodifr; r.eetio:'. 
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5. Apj'.-'.r.itus aa defined in clain 1, therein said fil- 
ter near.s cospricou a ccr.ipcr-.e.nblo r.c::brano interposed between 

i. . .1 J ^ r - ** - <" - N M - * 

vVlW Wa.*>s..' W ^ ^ - v ^ - • 

6. Apparatus art defined in clain 5. further conprisinc 
a support pcrf^rr.-.. .1 wit!: fir.o holcj routed on the upper end of 
each follcvri:.- .r.etio:: for supporting t:aid filter r^canc. 

7. /ppr.ratuc ar. defined ir. clain 1 t further conpricinc 
0-ri:;f.3 around jaid cap for hermetically closing caid inner and 
outer tute^. 

vjakio.-, ::omc & :<gmc: 

Attomoyn 
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